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ABSTRACT: In this article, a series of polymer–clay nano-
composite (PCN) materials consisted of commercial thermo-
plastic ABS matrix and dispersing inorganic organoclay
platelets were successfully prepared by melt intercalation
through the twin-roller mixer. The as-prepared materials in
the form of pellet were then shaped by injection-molding
machine and the as-molded specimens were subsequently
examined by chemical characterizations, through Fourier
transformation infrared (FTIR) spectroscopy, powder X-ray
diffraction (XRD), and transmission electron microscopy

(TEM). Effect of the organoclay on thermal stability, me-
chanical strength, and surface wettability of PCN materials,
in both the form of standard dumbbell shape and pellet, was
studied using thermogravimetric analysis (TGA), differen-
tial scanning calorimetry (DSC), tensile test, hardness test,
and contact-angle measurements, respectively. © 2005 Wiley
Periodicals, Inc. J Appl Polym Sci 99: 1576–1582, 2006
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INTRODUCTION

Lately, layered materials, such as smectite clays (e.g.,
montmorillonite, MMT) have attracted intense re-
search interests for the preparation of polymer–clay
nanocomposite (PCN) materials. PCN materials usu-
ally exhibit unique properties superior to traditional
composites and conventional materials. Generally,
they combine both the characteristics of the inorganic
material and the organic polymer. PCN material is a
promising system because the clay possess a high
aspect ratio and a platy morphology and can be em-
ployed to boost the physical properties (e.g., thermal
stability,1 mechanical strength,2 fire retardant,3 gas
barrier,4 and corrosion protection5–16) of bulk poly-
mers.

Four common approaches are generally used to pre-
pare PCN materials: exfoliation–adsorption, in situ
polymerization, melt intercalation, and template syn-

thesis.17 Among these approaches, melt intercalation
is an efficient method to synthesize PCN materials and
has been exhibited to be a more powerful and envi-
ronmentally-benign alternative to other approaches.
The melt intercalation method is remarkable because
it can produce both intercalated and exfoliated com-
posites with a wide range of polymers from nonpolar
polymers (e.g., polystyrene,18,19 polyethylene,20

polypropylene21) to weakly polar polymers [e.g., poly-
(ethylene terephthalate),18 poly(methyl methacry-
late)22] to strongly polar nylon.23

Acrylonitrile–butadiene–styrene (ABS) is a popular
engineering thermoplastic because of its unique prop-
erties, including excellent mechanical properties,
chemical resistance, and processing abilities. How-
ever, few reports associated with the ABS–clay nano-
composite materials have been published. For exam-
ple, Lee et al. reported the synthesis of ABS–montmo-
rillonite (MMT) nanocomposites by emulsion
polymerization.24 Hu et al. reported the preparation
and thermal properties of ABS–montmorillonite nano-
composite.25–29 In this paper, we study the effect of
organoclay on thermal stability, mechanical strength,
and surface wettability of injection-molded ABS–clay
nanocomposite materials, in both the form of standard
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dumbbell shape and pellet, based on the studies of
thermogravimetric analysis (TGA), differential scan-
ning calorimetry (DSC), tensile test, hardness test, and
contact-angle measurements, respectively.

EXPERIMENTAL

Chemicals and instrumentations

Commercial ABS (PA-717 C) was purchased as pellets
from Qimei Stock Company, Taiwan. Hexadecyltrim-
ethyl ammonium bromide (Sigma), melamine (Lan-
caster), n-decyltrimethylammonium chloride (TCI),
1,4-phenylenediamine (Lancaster), n-decyltrimethyl
ammonium bromide (Lancaster), dodecyltrimethyl-
ammonium chloride (Fluka), octyltrimethylammo-
nium bromide (Fluka), 4,4�-azodianiline (Acros), and
dodecylamine (Fluka) were used as-received without
further purification. The montmorillonite clay
(PK805), purchased from Pai-Kong Ceramic Company
(Taiwan), was used, and had a CEC value of 98 meq/
100 g.

FTIR spectra were measured on pressed KBr pellets,
using a JASCO FT/IR-460 plus spectrometer. Wide-
angle X-ray diffraction study of the samples was per-
formed on a Rigaku D/MAX-3C OD-2988N X-ray dif-
fractometer with a copper target and Ni filter at a
scanning rate of 4°/min. The samples for transmission
electron microscopy (TEM) study was first prepared
by putting the membrane of PCN materials into epoxy
resin capsules followed by curing the epoxy resin at
100°C for 24 h in a vacuum oven. Then the cured
epoxy resin containing PCN materials were mic-
rotomed with a Reichert-Jumg Ultracut-E into 60–
90-nm thick slices. Subsequently, one layer of carbon
about 10-nm thick was deposited on these silices on
mesh 100 copper nets for TEM observations on a
JEOL-200FX, with an acceleration voltage of 120 kV.
Centrifugal Ball Mill (Retsch S100) was used to mill
the size of organophilic clay smaller than 8 mm. Twin-
roll mill (Kobelco, model KXY-30) was used to melt-
mix the organoclay and ABS. Injection molding ma-
chine manufactured by Practical Machine Company
(Taiwan, model no. VS-100) was used to make the
as-prepared sample in the form of standard dumbbell
shape.

A DuPont thermal analysis system equipped with
model TA Q10 DSC and TA Q50 TGA was used for the
thermal analyses under N2 and air flow. The pro-
grammed heating rate was 10°C/min. The tensile test
of PCN membranes was carried out through a tensile
test analyzer manufactured by Hong-Da Company
(Taiwan, with model no. HT-8503). Hardness tests
were run on a TECLOCK microhardness tester with
Type D (model GS-720N) and Type A (model GS-
706N) for high and low hardness samples, respec-
tively, and an indentation time of 10 s at 25°C. The

contact angle of water was measured with a contact-
angle meter with a model FTA25 (First Ten Ang-
stroms).

Preparation of organoclay

The organoclay was prepared by a cationic-exchange
reaction between the sodium cations of MMT clay and
quaternary alkylphosphonium cations of intercalating
agent. The equation for calculating the intercalating
agent used for cationic-exchange reaction was as fol-
lows:

98/100 � 5 g �for clay� � 1.2

� �X/Mw of intercalating agent) � 1 � 1000

where X represented the amount of used intercalating
agent, 98/100 represent the CEC value per 100 g of
MMT clay, 1.2 (�1) indicating the excess amount of
intercalating agent was used. Typically, 30 g of MMT
clay with a CEC value of 98 meq/100 g was stirred
overnight in 1000-mL distilled water (beaker A) at
room temperature. A separate solution containing ex-
cess amount of intercalating agent (12.8 g) in another
200 mL of distilled water (beaker B) was stirred for 1 h
using a magnetic stirrer, followed by adding 1M HCl
aqueous solution to adjust the pH value to about 3–4.
After stirring for 1 h, the protonated amino acid solu-
tion (beaker B) was added at a rate of approximately
10 mL/min, with vigorous stirring, to the MMT sus-
pension (beaker A). The mixture was stirred overnight
at room temperature. The organoclay was recovered
by filtering the solution in a Buchner funnel. Purifica-
tion of products was performed by washing and fil-
tering the samples repeatedly for at least three times to
remove any excess of ammonium ions.

Preparation of ABS–clay nanocomposite materials
throught melt intercalation

The as-prepared organoclay was first milled by cen-
trifugal Ball Mill machine (S-100) and followed by
melt-mixing at 200°C by using a twin-roll mill for �15
min under vacuum. The melt-mixing procedure of
ABS–clay composites was performed twice to gain
products in the form of pellet with better blending.
The as-prepared ABS–clay nanocomposite pellets
were subsequently injection-molded by a injection
molding machine to obtain nanocomposites with stan-
dard dumbbell-shaped specimens for the following
investigations.

RESULTS AND DISCUSSION

In this study, 10 intercalating agents were used for the
cationic-exchange reaction with the Na� and Ca2�

PCN PREPARED BY MELT INTERCALATION 1577



residing in the interlayer regions of montmorillonite
clay. The values of 2� and their corresponding d-
spacing of each used intercalating agent, based on the
measurements of powder X-ray diffraction (XRD) pat-
terns were shown in Table I. Among other intercalat-
ing agent used, hexadecyltrimethylammonium bro-
mide-modified organoclay was found to display a
highest value of d-spacing at � 20 Å, and therefore
was chosen to be used in the subsequent studies as-
sociated with the melt intercalation of polymers. The
composition of the ABS–clay nanocomposite materi-
als was varied from 0 to 5 wt % of organoclay with
respect to the ABS content as summarized in Table II.

Characterization

The representative FTIR spectra of the organoclay,
bulk ABS, and PCN materials were shown in Figure 1.

The characteristic vibration bands of ABS were at 763
and 698 cm�1 (aromatic), 1670 cm�1 (CAC), and 2238
cm�1 (CON), and those of organoclay were shown at
1040 cm�1 (SiOO), 523 cm�1 (AlOO), and 464 cm�1

(MgOO).5 As the loading of organoclay was in-
creased, the intensities of organoclay bands become
stronger in the FTIR spectra of PCN materials. Figure
2 showed the wide-angle powder XRD patterns of raw
clay (Na�–montmorillonite), organoclay, and a series
of PCN materials. For CLABS1, there is a lack of any
diffraction peak in 2� � 2–10°, as opposed to the
diffraction peak at 2� � 4.40° (d-spacing � 20.06 Å) for
organoclay, indicating the possibility of having exfo-
liated silicate nanolayers of organoclay dispersed in
the ABS matrix. When the amount of organoclay in-
creased to 5 wt %, there is a small peak appearing at 2�
� 2.80°, corresponding to a d-spacing of 31.53 Å. This
implied that there was a small amount of organoclay

TABLE I
Summary of XRD Data Obtained from Organoclay-Modified by Different Intercalating Agents

Compound code 2� d-Spacing (Å)

Na�-MMT (PK-805) 6.80 12.91

4,4	-Oxydianiline

6.00 14.72

1,4-Phenylenediamine

5.66 15.60

4,4	-Azodianiline

6.60 13.38

Dodecylamine (CH3(CH2)11NH3
�Br�) 4.80 18.39

Octyltrimethyl ammonium bromide (CH3(CH2)10NH3
�Br�) 6.25 14.13

Dodecyltrimethyl ammonium chloride (CH3(CH2)14NH3
�Cl�) 4.75 18.59

n-Decyltrimethyl ammonium chloride (CH3(CH2)9N(CH3)3
�Cl�) 5.10 17.31

n-Decyltrimethyl ammonium bromide (CH3(CH2)9N(CH3)3
�Br�) 5.20 16.98

Melamine

6.90 12.80

Hexadecyltrimethyl ammonium bromide (C19H42NBr) 4.40 20.06

TABLE II
Relations of Composition of ABS–Clay Nanocomposite Materials Prepared by Melt Intercalation, with Thermal

Stability, Mechanical Strength, and Contact Angle

Compound
Code

Feed
Composition

Thermal
Properties (°C) Tensile Strength

(kg/mm2)
Elongation

(%)
Hardness

(mN)

Contact
Angle

(degree)ABS MMT Td
a Tg

b

ABS 100 0 374.9 97.3 3.9 11 63 78
CLABSI 99 1 377.9 103.1 4.1 5 70 82
CLABS3 97 3 378.2 104.5 4.5 4.5 75 83
CLABS5 95 5 381.6 106.2 3.7 4 78 83.5

a As determined by TGA, at 10 wt% weight loss.
b As determined by DSC.
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that cannot be exfoliated in the ABS and existed in the
form of an intercalated layer structure. For the mor-
phological image studies, as shown in Figure 3(a),
TEM micrograph of CLABS3 at 50,000� magnification
revealed that organoclay platelets showed a disper-
sion of mainly exfoliated structure in the ABS matrix.
Furthermore, TEM of PCN materials with 5 wt % clay
loading (i.e., CLABS5) at 50,000� magnification indi-
cated that the nanocomposite displayed a mixed nano-
morphology, as shown in Figure 3(b). Individual sili-
cate layers, along with two and three layer stacks,
were found to be exfoliating in the ABS matrix. In
addition, some larger intercalated tactoids can also be
identified.

Thermal stability

Figure 4 showed typical TGA curves of the PCN ma-
terials in the form of pellet as well as that of neat ABS,
as measured under an air atmosphere. In general,
there appeared one major stage of weight loss starting
at �300°C and ending at �800°C, which might be
correspondent to the structural decomposition of the
polymers. According to the published reports on PCN
materials, the unparalleled ability of smectite clays
was found to boost the thermal stability of poly-
mers.1,5–16 Evidently, we found that the onset of the
thermal decomposition of those PCN materials shifted
slightly toward higher temperature range than that of
neat ABS, which confirmed the enhancement of inter-
calated polymers. After �700°C, the curves are all
leveled off, and mainly the inorganic residue (e.g.,

Figure 1 The representative FTIR spectra of (a) neat ABS (b) CLABS1 (c) CLABS3 (d) CLABS5 (e) organophilic clay (f)
Na�-clay.

Figure 2 The powder X-ray diffraction pattern of (a) neat
ABS (b) CLABS1 (c) CLABS5 (d) organophilic clay (e) Na�-
clay.

Figure 3 Transmission electron microscopy micrographs of
(a) CLABS3 at �50,000 magnification (b) CLABS5 at �50,000
magnification.
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Al2O3, MgO, SiO2) remained. We also found from the
DSC measurements that the incorporation of organo-
clay resulted in an increase in the Tg (heating scan)
relative to neat ABS, as shown in Figure 5. This was
tentatively associated with the confinement of the in-
tercalated polymer chains within the organoclay gal-
leries that prevent the segmental motions of the poly-
mer chains.1,5–16 As the loading of organoclay platelets
was increased, the Tg of PCN materials became higher.

Mechanical strength

Relationship between tensile properties and organo-
clay loading as obtained from tensile test on the stan-
dard dumbbell-shaped specimen of ABS–clay nano-

composite materials was studied, as shown in Figure
6. For example, we found that the incorporation of
organoclay platelets into polymer matrix increased the
tensile strength of ABS up to 3 wt % organoclay load-
ing. Furthermore, excess amount of organoclay load-
ing (e.g., 5 wt %) was found to decrease the tensile
strength of as-prepared nanocomposite materials. On
the other hand, elongation of the ABS–clay nanocom-
posite materials was decreasing as the organoclay
loading increased in the composite, as shown in Fig-
ure 7. The hardness is an important parameter for
evaluating or designating hybrid materials. The hard-
ness data of the ABS–clay nanocomposite materials in
the form of standard dumbbell shape at various ma-

Figure 4 TGA curves of ABS and a series of ABS-clay nanocomposite materials.

Figure 5 DSC curves of ABS and a series of ABS-clay
nanocomposite materials.

Figure 6 Tensile strength versus organoclay loadings for
ABS-clay nanocomposite materials.
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terial compositions are given in Figure 8 and Table II.
The neat injection-molded ABS have relatively low
hardness (i.e., 63 mN). Upon addition of organoclay
into ABS, the hardness increased to 70 mN for
CLABS1, to 75 mN for CLABS3, and to 78 mN for
CLABS5. Thus, the hardness of the polymers can be
improved significantly by the incorporation of or-
ganoclay platelets via melt intercalation approach and
can be controlled by varying the organoclay content in
the nanocomposite materials.

Contact-angle (wettability) measurements

The contact angle measured on First Ten Angstroms
contact-angle meter (model FTA25) at 26°C, using tri-
ple-distilled water. Sets of droplets (sessile drop; vol-

ume of approximately 1.0 �L) of water were placed on
a surface of standard dumbbell-shaped sample. The
dimensions of the droplets were measured approxi-
mately 10 s after placing the droplets. At least five
parallel measurements were performed. The contact
angle was calculated by the following conditions:

Contact angle � 2 tan�1 (h/r)

where h was the height of the spherical segment, and
r, the radial of the spherical segment. In this study,
contact angle of H2O on the ABS–clay nanocomposite
materials showed that the increase of clay content
resulted in the increase of contact angle, as shown in
Figure 9 and Table II. For example, the neat injection-
molded ABS showed low contact angle of water drop-
let (i.e.,78°). Upon addition of organoclay into ABS,
the contact angle increased to 82° for CLABS1, to 83°
for CLABS3, and to 83.5° for CLABS5. This implied
that the hydrophobicity of the ABS–clay nanocompos-
ite materials increased with an increasing organoclay
content. Thus, the incorporation of organoclay plate-
lets into the ABS matrix does indeed change the sur-
face characteristics of the nanocomposite materials
significantly.

CONCLUDING REMARKS

In this article, a series of PCN materials consisted of
commercial ABS and organoclay platelets were suc-
cessfully prepared through melt intercalation ap-
proach. The as-prepared PCN materials were subse-
quently characterization by FTIR, powder XRD, and
TEM. We found that injection-molded PCN materials
at low clay loading, in both the form of standard
dumbbell shape and pellet, showed an enhanced ther-

Figure 7 Elongation versus organoclay loadings for ABS-
clay nanocomposite materials.

Figure 8 Hardness versus organoclay loadings for ABS-
clay nanocomposite materials.

Figure 9 Contact-angle (wettability) of ABS-clay nanocom-
posite materials.
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mal stability and mechanical strength based on the
studies of TGA, DSC, tensile test, and hardness test,
respectively. Furthermore, the incorporation of or-
ganoclay platelets into ABS matrix showed an increase
of hydrophobicity, based on the contact-angle mea-
surements.
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